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I. INTRODUCTION 
ID the separation o~ a system of liquids by distilla-
tion the ease with which they may be separated is most 
clearly indicated by the relative volatility; the greater 
the value of the relative volatility, the greater the ease 
of separation. 
A system that contains compounds whose boiling points 
are spread over a relatively small temperature range is not 
readily separated by distillation. The addition of a sub-
· stance that reduces the vapor pressure of one of the compon-
ents, while having little or no effect on the others, adds 
to the ease of separation and consequently would decrease 
the initial s'ize and cost of equipment. 
There have been several· publications c·onta.1n1ng ·data 
for ternary systems which consist of two liquid. components 
and an inorganic salt whose solubility is considerably 
greater in one component than the other. The results of 
these studies have brought out interesting effects of salt 
additions such as increased relative volatilities, shifting 
of azeotropes, and in some instances, complete inversion of 
the binary system. 
~his investigation was aimed at determining the effect 
of the alkaline earth chlorides on the acetic acid-water 
system~ 
II. LITEBATURE REVIEW 
In several industrial processes ternary systems con-
sisting of an inorganic salt, water and an organic liquid 
are encountered. Systems of this type arise, for example, 
in the synthesis of glycerol(l5) and phenol(l), or in the 
crystallizat1on(l2 ) of a salt from an aqueous solution by 
the add1t1en of an organic liquid which suppresses the solu-
bility of the salt in water. A mixture of salts in aqueous 
solution may be separated by addLng an organic liquid in 
. (4) 
which only one of the salts is insoluble • In each case 
the valuable organic compound mu·st be recovered·~ This is 
usually accomplished by distillation from the resulting 
solution of salt, water and organic li~uid. 
None of the published works relative to this subject 
have covered more than two elements of one group. There-
fore, it was' felt that the quantitative data obtained from 
the study of an entire group would be of some practical value 
as well as helpful in predicting the effect of salts from 
their solubility. 
In 1919, McBain and Kam(S) reported that salts had a 
remarkable effect on the partial vapor pressure of acetic 
acid !rom an aqueous solution. According to their report 
All references are in the bibliography. 
the partial. pressure increased progressively ~or sodium 
acetate, potassium nitrate, potassium thiocyanate, sodium 
sul~ate, potassium chloride, lithium chloride and sodium 
chloride. It was shown that the cation had some effect but 
that the effect o~ the anion predominated. A 2~3 normal. 
solution o~ sodium chloride resulted in an inversion at an 
acid concentration o~ 0.077 normal. It was also observed 
that the partial pressure increase was proportional to the 
solubility except in the eases o~ acetate, which ·had very 
... . 
3 
J.ittl.e effect, and sulfate, w-hose effect was more complicated 
than direct proportional.ity. A similar study using sodium 
chloride, lithium chloride, calcium chloride and sodium 
bromide was conducted by Quartaroli(lO). Both o~ these 
works dealt with rather dilute solutions. It was expe~ted 
that higher salt concentration would yield a greater effect. 
Bogart and Brunjes(l) were able to shift the phenol-
water azeotrope, which oecurs normally at about two mole 
per cent phenol, to about 3.2 mole per cent phenol by the 
addition of 17 weight per cent sodium chloride'. In a system 
of ethanol-water saturated with potassium nitrate Rieder and 
Thompson(ll) observed very little effect on the equilibrium 
curve above 90 weight per cent alcohol. This was probably 
due to the very slight solubility of the salt in mixtures 
of high alcohol concentration. 
Kyrides and co-workers< 7>. were suocess:ful in attempts 
to obta~ dehydrated alcohol by _the addition o:f salts to an 
aqueous solution of ethanol. The effect observed in this 
work cannot truly be termed •salt effect• as used in this 
work and the other works mentioned here because the salts 
added reacted with the water present to ~orm an alcohol and 
a hydroxide. The reaction was represented as follows: 
where: 
B = alkyl or aralkyl radical 
X = alkali metal 
ROH + XOH 
The most effective dehydrating agents used were mixtures 
4 
of glycerol and potassium carbonate, ethylene glycol and 
potassium carbonate and ethylene glycol and its sodium salt. 
Data . ~or an ethanol-water system using sodium sulfate, 
potassium sulfate and sodium nitrate have been presented by 
Tursi and Thompson(lJ) . ~ These salts are relatively in-
soluble in ethanol. The results of their addition to the 
system were greatly increased values of relative volatility. 
The boiling points varied over the narrow range of from 
80°C to 8400'~ This, together with the insolubility of the 
salts in alcohol, allowed them to correlate the change in 
relative volatility with solubility of the salt in water. 
The result showed that the change in relative volatility was 
directly proportional to the solubility in water. The 
azeotrope was not affected by the addition of these salts. 
The acetic acid-water-calcium chloride system was 
studied by Garwin and Hutchison (J) ~ , They found that the 
5 
addition of the salt had a marked effect on the relative 
volatility and that the system was completely inverted at 
about eight weight per cent calcium chloride. Continued 
addition of salt up to 50 and 60 per cent by weight produced 
values of Lnverted relative volatility several times greater 
than that ordinarily occurring in an acetic acid-water system. 
III. EXPERIMEHTAL 
This investigation was conducted in an attempt to 
·determine the effects of alkaline earth chlorides on the 
vapor-liquid equilibrium of an acetic acid-water system. 
Apparatus 
An ordinary Othmer still (See Figure 1 and Appendix A) 
was used in obtaining the distillate and residue fractions 
for analysis. The upper part of the still was wrapped with 
an Electrothermal heat~ tape to prevent refluxing. The 
still was fitted with a ground glass standard taper thermometer 
graduated in one degree increments which could be read to 
withLn !o~S00~ The volume of the distillate container was 
approximately 35 ml and the volume of the still proper was 
--
approximately 200 ml. The pressure was maintained at 
760±1 mm Hg by a Cartesian diver manostat. 
Method of Procedure 
The still was charged with approximately 90 weight per 
cent glacial acetic acid (See Appendix B) and 10 weight per 
cent of water, salt free basis, from a solution saturated at 
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FIGURE 1. SCHEMA TIC DIAGRAM OF APPARATUS 
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increased, additional salt was added so that there was solid 
salt at the bottom of the still at all times. The solution 
was saturated with salt as it was thought that the greatest 
effect would be observed for a saturated solution. Care was 
taken not to obstruct the circulatory system of the still 
with salt as this greatly increased the bumping hazard. 
After the still reached its boiling temperature and the 
pressure was carefully adjusted, three hours were allowed 
for the system to come to equilibrium. Several preliminary 
runs indicated that this period was more than adequate. 
Sampling. At the end of a run the still was shut off 
and allowed to cool slightly before the samples were with-
drawn. The samples had to be withdrawn before the salt 
started to crystallize-. All analyses were made in dupli-
cate and the average values are reported." After obtaining 
samples the still was heated again without altering the 
concentration except by the amount withdrawn for samples and 
a small amount required to purge the withdrawal spigots. 
This was an attempt to show approximate reproducibility of 
the data. At the beginning of the subsequent run enough 
water was added to make the charge approximately 80 per cent 
acid and 20 per cent water on a salt free basis. Additional 
salt was added as required. 
Sample Analysis. The samples were weighed and the acid 
present was determined by titrating with 0.1 normal sodium 
hydroxide using phenolphthalein as an indicator. The chloride 
9 
ion present was determined by the Mohr method for the calcium, 
strontium and magnesium. Barium precipitates as a chromate 
and thus required the Volhard method of chlorine analysis. 
Prier to the chloride analysis the pink phenolphthalein end 
point from the acid titration was discharged with a drop 
or two of dilute ~tric acid. The water present was found 
by difference. 
Sample Calculations 
Run number 29 will be used to illustrate the calcu1at1ons 
and the precision. 
For the distillate: 
(CHJCOOH titer)(ml KaOH) • grams CHJCOOB 
(0.006131 ± 0.000006)(14.85 ± 0~02) = 0~0910 ± 0~0009 
grams sample - grams CHJCOOH = grams H20 
o.2408 ± o•·ooo2 - 0.0910 % o.ooo9 = o·~1498 ± 0•'0011 
± co.oo11>A1oo> = ± O";oo46% 
0.240 
For the salt: 
(BaCl2.2H20 titer) ml AgNOJ 
- (ml KCNS)(ml AgH03) • grams salt {ml KClfS ) 
co.o129 ± o.ooo9) ~o.oo ± o.o2 
- <5.&5 ± o.o2) (0.9942 ± o•oooa~ = o.o541 ± o·~ooo6 
:!: (0.090~)~190} - + 0''" 0019" 0~320 - • ~ 
10 
For the liquid: 
(CH3COOH titer)(ml NaOH) =grams CH3COOH 
(0.006131 ± 0~000006)(17.4.5 ± 0~02) = 0.1070 ± 0.0009 
grams sample - grams salt - grams CH3COOH = grams H20 
o -•320.5 ± o·~ooo2 - o-~o.541 ± o-.ooo6 
0.1070 ± 0.0009 = 0~1.594 ± 0.0017 
± (0.0017)(100) =! 0.00.53% 
0~320.5 
nata ADd Results 
The data taken for the acetic acid-water system are 
presented in Table I. These data were plotted in Figure 2 
and smoothed values were obtained for comparison with the 
published data< 2 >. These values are included in Table I. 
It was impossible to obtain good temperature data in 
the Othmer still since it was necessary to superheat the 
upper portion to prevent refluxing~ The superheat does not 
affect the xy data. Therefore, the published xy data and 
temperatures were used in calculating the activity coefficients. 
When the solution was saturated with a salt the boiling 
point was elevated so that the effect of the superheat was 
less noticeable. However, there was some scatter among the 
temperatures. Smoothed values for temperature were obtained 
by drawing the best curve, by eye, through the plotted points. 
These temperatures were used in checking the thermodynamic 
consistency of the data aDd it oan be seen that the experi-
114~5 






Experimental ~ Smoothed ~ !gt Aoetic Acid-Water Sxstem 
Weight Fraction 
0.02.5 0.04) 0,0?9 0.1)1 
Oo080 0.128 0.224 0.329 
0.203 0~299 o.46o 0 • .587 
0.278 0.403 o~~;62 0.692 
0.)90 0.530 0.681 o-~ -790 
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FIGURE 2 VAPOR-LIOUD EOUILIBRtUM DATA FOR 
THE ACETIC ACIDWATER SYSTEM 
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mental and calculated values agree fairly well except in the 
ease of calcium chloride where the error is due more to the 
lack of vapor pressure data than inaccurate values of temper-
ature. 
The data taken in this experiment are presented in 
Tables II, III, IV and V for the acetic acid-water system 
saturated with barium, strontium, calcium and magnesium 
ch1orides, respectively. These xy data are plotted ~ 
Figure J and it can be seen that the salt markedly affects 
the vapor-liquid equilibria. 
In the region of greatest effect, about eighty weight 
per cent water, the values of the inverted relative volatilities 
for a solution saturated with calcium, strontium and barium 
chlorides are 4. 2, 2•5 and o···79 times that ordinarily occurring 
in the acetic acid-water system. Obviousl~the effect on the 
relative volatility is a function of the solubility of the 
salt. Also, it is clear that the presence of the salt in-
creased the ease of separation so that the number of plates 
necessary for the separation would be significantly reduced. 
It was impossible to get a complete range of data for a 
saturated magnesium chloride solution as magnesium chloride 
hexahydrate melts and decomposes at 11aoc. This temperature 
was exceeded at about fifteen weight per cent water. Anhy-
drous magnesium chloride was not available. 
It is interesting to note that each of the salts pro-
duc·ed an azeotrope. The relative position of the azeotropes 
TABLE II 
Results ~ Acetic Acid-Water Solution 
Saturated with Barium Chloride De~ydrate 
Weight Per Cent 
Salt X 
"l. tl oc 
0.5 1~-3 22.4 109.-.5 0.4 1 .6 23.3 109 -.~o 
4·.4 28.1 l8 .. B 108 .. 0 6.1 ~6.3 9.6 111 •. 0 9.6 5.3 .54.1 113.0 
13.1 46.4 .56~2 112.0 
16.9 .59.8 62.2 109:.0 
20 • .5 59.·8 61.9 104 .. 0 
24.9 73.6 ?1 • .5 104 • .5 )4.9 88.4 8).7 10.5.0 
37.0 88 • .5 83.1 106.0 
14 
TABLE III 
Results for Acetic Acid-Water Solution Saturated 
with Strontium Ch1or1de HexabYdrate 
Weight Per Cent 
Salt X y t. oc 
9.0 11.1 16.2 113.0 
9.2 11.6 14.8 112.5 
15.0 21.1 24.-3 111.5 
14~7 21.2 zz-~~9 113.0 
17.9 26.9 27.0 113.0 
18._2 2?.-2 26.9 109.-0 
2.5.1 39~0 32.3 111.5 
31.5 51.1 3.5.8 113 •. 0 
34.8 61.0 41.8 111 •. 0 
~6.4 62.9 41.6 111.5 5.3 82.7 51.5 115.0 
47.6 84~9 52.9 115.0 
48.2 90.2 64.2 11.5.·0 
.50.4 92.0 67.2 112 • .5 
15 
TABLE IV 
Results 2t Acetic Aoid-Vater 
Solution Saturated with 
An4ydrous Calcium Ch1oride 
Wg~s;b~ ~~1: C~t 
~1t ;J; !: t. oc 
32 .. 9 9.6 11.0 120 • .5 
3.5.0 9'.9 10 • .5 120.0 
50.J 19.2 14.1 122-•. o 
52.6 20~. 1 1J.6 122.0 
62 • .5 41.5 19.9 12.5~0 
6J.9 44.J 20.6 124._0 
7J.2 6J.6 29.8 119.0 
7.5.6 64~7 26.6 122~0 
82.4 86.8 47~3 127.0 
84.J 94.8 76.1 141.0 
16 
TABLE V 
Results !:.21:. Acetic Acid-Water 
Solution Saturated with 
Magnesium Chloride HexabYdrate 
W~ight Per Cent 
Sal.t X y t. oc 
2? •. 6 ?.'J 9.7 11l • .5 29~4 6 • .5 9.2 11 .o 
49.6 14.3 12.0 11.5 • .5 
.52.8 14.6 12.2 11.5 • .5 
17 
19 
also indicated a relation to solubility~ This indication 
was borne out by the logarithmic plot of composition versus 
solubility at the azeotrope as shown in Figure 4.' The 
equation of the resulting straight line was found to be: 
y = 2• 9sx-0.611 
where: 
y = composition of azeotrope 
x = solubility of salt in azeotropic solution 
The solubility data obtained in this work are presented 
in Figure .5. Smoothed data taken from the curves in Figures J 
and 5 are presented in Tables VI, VII and VIII. 






YA = mole fraction of component A in the vapor 
XA = mole fraction of component A in the liquid 
YB = mole fraction of component B in the vapor 
XB = mole fraction of component B in the liquid 
Water was considered to be component A throughout this 
investigation. The most volatile component of the mixture 
is usually designated component At. Water is the most volatile 
when there is no salt present, but upon addition of sufficient 
salt it becomes the least volatile. This explains the 
fractional values of relative volatility. 
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FIGURE 3.. VAPOR LIQUID EQUILIBRIUM DATA FOR 
ACETIC ACID WATER SYSTEM SATURATED WITH 
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FIGURE 5. SOLUBILITY DATA FOR ACETtC ACID 
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Smoothed ~ f2t Acetic ~-Water System Saturated 
~ Barium Chloride DihYdrate 
Weight Fraction Mole Fraction Activity Coer~,y 
Salt Free Basis 
Water Water Acetic Acid Water Acetic A· 
S F Basis 
Rel ! 
Salt XA YA XA YA XB YB Vol Exp Calc Exp Calc 
cX.AB 
o.ooo o.oso o.os4 0.149 0.234 o.-851 o. 766 1.74 1.46 1.22 1.12 1.00 
o.ooo 0.100 0.164 0~270 0.39.5 0.730 o.6o; 1.77 1.)8 1.20 1.05 1o00 
0.014 0.200 0.)10 o.4SS o.6oo o.-;4; o.4oo 1.80 1.28 1.17 0.96 1.02 
0.043 o.;oo o.428 o.saa 0.714 (}~412 0.286 1.?5 1.19 1.14 0.92 1.05 
0.082 0.400 0.516 0i~·690 0. 777 0'•310 o. 223 1.57 1.14 1.12 0.98 1~10 
0.129 o·.jOO 0.573 0;~-769 0.-817 0.'231 ()·~ 183 1.34 1.11 1.09 1.10 1.18 
0.179 o.6oo 0.623 o.833 o·.846 o~- 167 o:~154 1.10 1.07 1.06 1.30 1.,0 
0.233 0.700 0.686 0 ~ -886 0 ;879 0.114 0.121 0.94 1.07 1.04 1.51 1. 9 
0.297 o.8oo o.?6o 0.930 0.913 0.070 0.087 0'~79 1.07 1.02 1.80 1.80 
0.3.59 0.900 0.849 o ~ 968 o-~ ·949 0.0)2 0.051 0.63 1.08 1.01 2.31 2.34 

















Smoothed Data !Qt Acetic Acid-Water Sxstem Saturated 
~ Strontium Chloride Hexahydrate 
Mole Fraction 
Weight Fr~ction Salt Free Basis Activity Coer.,~ 
Water Water Acetic Acid Water Acetic A~· 
S F Basis 
Salt XA YA XA YA XB YB Rel Exp Caie Exp Cale Vol 
cX.AB 
0.0')7 0.0')0 0.08) 0.149 0.2)2 0.-8.51 0".-?68 1.72 1~83 1.8) 1.1) 1.01 
0.08.5 0.100 0~~142 0•270 0.3.56 o.-730 o •. 644 1~49 1 • .5.5 1~70 1.10 1.03 
0.140 0.200 0.227 o • 4.5 .5 o~~ '49 .5 o.s4.5 o.;o; 1.17 1.2? 1 • .51 1.1.5 1.10 
0.198 0.300 o.2a2 o.s8a o • .567 o~412 o.43J 0.92 1.11 1.)6 1.29 1.24 
0.250 0.400 0.329 o. 690 o-~·620 o;~ ·;1o o.3ao 0.74 1.03 1.2.5 1.49 1.4; 
0.302 o.soo 0.)70 0.769 0.662 0.231 0~338 0 • .59 0.97 1.16 1.76 1.76 
0.353 o.6oo o.4o7 0.833 0.696 0.167 0~304 o.-46 0.94 1.10 2~' 19 2. 21 
0.403 0.(00 0.448 0.886 0.730 0.114 0 •. 270 0.3.5 0.91 1.0.5 2.82 2.87 
0.4.51 o.8oo o.499 o·.;930 0.769 0.070 0.231 0.2.5 0.'91 1.02 3.91 ).8.5 
0.494 o.9oo o.62J 0 .·968 0". 846 o. 0)2 0 •. '1.54 0";18 0.9.5 1.'01 s.s6 s.;o 
















Smoothed ~ f2t Acetic Acid-Water System Saturated 
with Calcium Chloride 
Weight Fraction Mole Fraction Activity Coef.,y 
Salt Free Basis 
Water Water Acetic Acid Water Acetic A 
S F Basis 
Salt XA YA XA YA XB YB Rel Exp Calc Exp Calc Vol 
o<AB 
o.oso 0.063 0.149 0.183 0.8.51 0.817 1.28 3.6.5 1.81 0.94 1.01 
0.100 0.101 0.270 0.272 0.730 o:. 728 1.01 2~93 1.64 0.94 1o04 
0 • .516 0.200 0.143 0.45.5 0.3.57 0.54.5 0.643 0.67 2~20 1.41 1.07 1.13 
0 • .572 0.400 0.169 o.saa o.4o4 0~412 0 .. .596 0~47 1 .. 8.5 1.27 1.26 1.28 
0.619 o. 00 0.193 0.690 0.444 o-~310 o.ss6 0.)6 1.69 1.17 1 • .51 1.48 
0.667 0~.500 0.222 0.769 0.487 0 .. 231 o-~-513 0.29 1 • .57 1.10 1.74 1.73 
0~"713 o.6oo o.261 0.833 0 • .541 o.167 o.:4.59 0.24 1 • .53 1.06 2.0) 2.04 
0.761 0.700 0.312 o.886 o.6o2 0.114 0!~398 o;19 1 • .53 1.03 2.J? 2.41 
0.803 0!800 0.380 0.930 0~671 o.o7o o-.329 0.1.5 1 • .50 1.01 2.93 2.8.5 
0.839 0.900 o.S7S o. 968 <r~819 0.0)2 0.181 0.15 1.61 1.00 ;.46 3.37 
0.8.51 0.9.50 0.777 O'. 984 o·. 921 0.016 0.079 o-.18 1.67 1.00 2.61 ;.6.5 
24 
25 
The deviation o~ a solution from ideality or Raoult's 
law is taken into account by the act'ivity coefficient. ' This 
.~actor is calculated for component 1 from the equation: 
where: 
p = total pressure 
PA = vapor pressure of component A at the same temperature 
YA = mole fraction of component A in the vapor 
XA = mole fraction of component A in the liquid 
The activity coefficients calculated with this equation are 
plotted versus composition in Figures 6, 7 and 8~ The 
nonideality of the system is reflected in the positive 
deviation of the activity coefficients from unity. Bogart 
(1) 
and Brunjes ·used the vapor pressure of salt-water solu-
tions(6) rather than the vapor pressure of water in calcu-
lating activity coefficients. This re~inement vastly improved 
the thermodynamic consistency of the work presented here. 
It is evident from the rather poor checks obtained on the 
acetic acid-water-calcium chloride system that this correc-
tion should be applied to the acid as well as the water. 
Vapor pressure data for acetic acid saturated with calcium 
chloride were not available. Barium and strontium chloride 
are so insoluble in acetic acid that it is doubtful that 
their effect on the vapor pressure is appreciable. 
The van La.ar equations shown below were reund to apply 
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in making the thermodynamic consistency checks except in the 







log -{ 1 = --;=[-=1=-+-==ii~x=-=1=-J~2 
Bx2 
log-( 2 = 
B 
activity coefficient of water 
activity coefficient of acetic acid 
mole fraction of water in the liquid 
mole :fraction of acetic acid in the liquid 
constant 
B = constant 
The constants A and B can be evaluated by plotting the 
activity coefficients versus mole fraction of one component 
and extrapolating zero concentration. 
log 1 = A, at xl = 0 
log = B, at xl = 0 or x2 = 0 2 
A more accurate method was suggested by White< 14>. Re-
arrangement of one of the van Laar equations will yield: 
1 
This is the equation of a straight line, the intercept of 
which is equal to 1/v"A , and the slope of which is equal 
to v'.A /B·~· 
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In this work values of 1/lflog ~ 2 and x 2!x1 were obtained 
and plotted as shown ~ Figure 9. The best least squares 
curve was drawn through the points. After evaluating the 
constants, calculated values of the activity coefficient 
were obtained as shown in the tables. 
The correlation between the change in relative volatility 
and solubility of the salt in the solution is illustrated in 
Figure 10. The attempt to find a simple relationship between 
these two parameters failed, the reason being that change in 
relative volatility is a function of solubility and tempera-
ture, while at the same time solubility is also a function of 
temperature. 
Tursi and Thompson< 13) were successful in finding a 
simple linear expression relating change in relative vola-
tility to solubility of the salt in water. All of the salts 
used in their ethanol-water system were relatively insoluble 
in ethanol. Also, because of their small four degree tempera-
ture range, they were able to consider the temperature constant 
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IV. DISCUSSION 
It is clear ~rom the data obtained in this work that 
the addition of a salt to a binary system can have a large 
effect on the vapor-liquid equilibrium. Since the same anion 
was used throughout this investigation, it is impossible to 
determine how much of the effect is due to the anion alone. 
In contrast to the conclusions of McBain and Kam< 8 >, it 
appears that the cation has a large effect. This is to be 
expected if solubility is the correlating variable for the 
increase in relative volatility. However, it should be borne 
in mind that the concentrations of the solutions of the two 
investigations were quite different. 
In subsequent studies provisions should be made for 
accurate determination of temperatures. This could probably 
best be accomplished by using a boiling point determination 
apparatus and a few solutions of known concentration. With-
out doubt more accurately known temperatures would improve 
the thermodynamic consistency of the data presented here. 
But, more important in the case of calcium chloride, the 
lowering of the vapor pressure of acetic acid due to the 
solubility of that salt should be taken into account. 
Extrapolation of the existing solubility data for the calcium 
chloride-acetic acid system(9) to the temperature range in 
question would be meaningless. 
Some decomposition o~ calcium chloride was observed 
during the course o~ the distillation. The decomposition 
increased with the salt concentration o~ the solution and 
J4 
the temperature. It became appreciable in the temperature 
range of 1J0°C to 140°C. There was no calcium in the distil-
late but the concentration of chloride ion reached 1 molar 
in the extreme instances. This represented only a very small 
fraction of the salt present in the liquid of the order of 
0.5 to 0.7%. In the case of the liquid this error was 
ignored but the vapor was corrected, considering the chloride 
ion to be present as hydrochloric acid. 
It has been stated< 1J) that the study of •salt effect" 
falls into three categories: (1) systems where the salt 
is relatively soluble in the low boiling component only, 
(2) systems where the salt is relatively soluble in the 
high boiling component only and (J} systems where the 
salt is soluble in both components. Barium and strontium 
chlorides fall into category 1 whereas calcium chloride 
comes under category J. This explains some of the diffi-
culty encountered in the attempt to correlate change in 
relative volatility and solubility. 
The study of the alkaline earth chlorides was interesting 
and enlightening, but it is doubtful that any process would 
justify the addition of a chloride to the system because of 
the extremely corrosive nature of chlorides. For that reason 
it is felt that additional studies should include salts with 
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an anion common to one of the constituents of the binary 
system, or perhaps substituted amines or aldehydes which may 
have some corrosion inhibiting effect. However, some systems 
may inherently contain chlorides. If this were the case, 
then the data presented here would be of practical interest. 
The poor thermodynamic consistency checks obtained for 
the acetic acid-calcium chloride-water system indicate the 
necessity of vapor pressure data for the pure component 
saturated with the salt in question. When such data are not 
available they should be obtained experimentally. 
V. CONCLUSIONS 
The study of the acetic acid-water system saturated 
with alkaline earth chlorides at one atmosphere pressure 
revealed the following: 
1. Each of the alkaline earth chlorides will cause an 
inversion of the acetic acid-water system when it is present 
in concentrations approaching saturation. 
2. The inverted relative volatility for a salt satu-
rated solution can be as much as 4 times the relative vola-
tility for the binary acetic acid-water system. 
3. The cation is responsible for the degree of 
solubility of the salt and the greater the solubility, the 
greater the effect on the relative volatility. 
4. There is a relationship between the composition 
of the azeotrope and the solubility of the salt in the 
azeotropic solution. 
VI. SIDIMARY 
The effect of saturated solutions of barium, strontium, 
calcium and magnesium chlorides on the vapor-liquid equilibria 
of the acetic acid-water system at one atmosphere pressure 
was studied. An Othmer still and a Cartesian diver mane-
stat were used in obtaining the necessary data. Values of 
relative volatility are presented and it is shown that the 
addition of a salt can greatly enhance the ease of separa-
tion by distillation. The change in relative volatility and 
its relationship to salt solubility is discussed. The relative 
position of azeotropes, which were introduced by each salt, 
was correlated with salt solubility in the azeotropic solution. 
It was shown that the van Laar equation fitted the data taken 
and that it was thermodynamically consistent, or reasons were 
discussed for the lack of thermodynamic consistency. 
APPENDICES 
APPENDIX A 
The following equipment was used in this investigation. 
The manufacturer and, when deemed necessary, a discussion 
of the operation is given. 
Distilling Apparatus. Improved Othmer, vapor-liquid 
equilibrium, Pyrex brand glass. Catalog No. G 73?3E. 
Manufactured by The Emil Greiner Company, 2026 Moore Street, 
New York 13, N. Y~ 
Manostat. Cartesian. Improved Glass Model G 15070, 
Patent No. 2436350. Manufactured by The Emil Greiner 
Company, 2026 Moore Street, New York 13, N. Y. 
The operating principle of this manostat is described 
in detail in the literature<S>. Briefly, it consists of a 
glass tube floating vertically in a mercury pool. By means 
of a stopcock at the bottom of the jacket the desired operating 
pressure is carefully trapped inside the tube. The pressure 
inside the jacket (outside the tube) is the same as the 
pressure of the system, 
When the pressure of the system exceeds the pressure 
trapped in the tube the mercury outside the tube is forced 
down and the tube is lowered. The excess pressure then 
bleeds out of the capillary at the top, The manostat exhaust 
must lead to a pressure lower than that trapped in the tube. 
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When the pressure of the system is lower than the 
pressure in the tube, the mercury outside the tube rises and 
forces the tube up to contact the capillary and stop the exit 
of the gas. 
Powerstat. Variable Transformer G 7872, type 216, 
230 volts, input 50/60 cycle, single phase output 0-270 
volts, range 3 amperes maximum over entire range, rated 
0,810 KVA. Manufactured by The Emil Greiner Company, 
2026 Moore Street, New York 13, N. Y. 
Tank. Ballast, volume 2100 cu. in. Used to reduce 
pressure fluctuations. u. s. Air Force Surplus. 
Tape. Heating. Electrothermal, manufactured by Electro-
thermal Engineering Ltd., 270 Neville Road, London, England. 
Distributed by Fisher Scientific Company, New York, N. Y. 
Used to heat upper portion of still to prevent refluxing. 
APPENDIX B 
The following materials were used in this investigation. 
The specifications, the manufacturer, and the use of the 
material are listed. 
Acid, Acetic. Glacial, Assay 99.7%; code 1019; 
lot DJ09181; dilution, to pass test; residue after evapora-
tion, 0.001%; chloride (Cl), 0.0001%; sulfate (S04), 0.0001%; 
heavy metals (as Pb), 0.0001%; iron (Fe), 0.0001%; substances 
reducing KMn04, to pass two hour test; formic acid (HCOOH), 
0,01%. Manufactured and distributed by Baker and Adamson, 
General Chemicals Division of Allied Chemical and Dye 
Corporation, New York, N. Y. Used as a component of ternary 
system for distillation. 
Acid, Nitric. Assay (HN03 ), 69.0-71.0%; lot 902)1; 
maximum limits of impurities; appearance, passes A. c. s. 
test; specific gravity at 60°/60°F, 1.416-1.424; residue 
after ignition, 0,0004%; chloride (Cl), 0.00005%; sulfate 
(S04), 0.0001%; arsenic (As), 0,000001%; heavy metals (as 
Pb), 0,00002%; iron (Fe), 0.00002%; copper (Cu), 0~00005%; 
nickel (Ni}, 0.00005%. Manufactured and distributed by 
J. T. Baker Chemical Company, Phillipsburg, New Jersey. 
Used to discharge caustic-phenolphthalein end point prior 
to chloride titration. 
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Acid. Oxalic. Analytical reagent; meets A. c. s. 
specifications; maximum limits of impurities, chloride (Cl), 
0.002%; iron (Fe), 0,0002%; other heavy metals (as Pb), 0,0005%; 
insoluble materials, 0.01%; nitrogen compounds (N), 0,001%; 
non-volatile matter, 0.02%; substances darkened by hot H2S04, 
to pass test; sulfate (S04), 0,003%. Manufactured and 
distributed by Mallinckrodt Chemical Works, St. Louis, Mo. 
Used to standardize sodium hydroxide solution. 
Barium Chloride. (BaC1 2 •2H20); Lot 0082; maximum limits 
of impurities; insoluble in H20, 0.005%; nitrate and chlorate 
(as N03), 0,005%; substances not precipitated by H2S04, 
0.050%; calcium and strontium salts (as S04), 0.15%; heavy 
metals (as Fe), 0,0002%; heavy metals (as Pb), 0.0005%. 
Manufactured and distributed by Baker and Adamson, General 
Chemicals Division of Allied Chemical and Dye Corporation, 
New York, N. Y. Used as a component of ternary system for 
distillation. 
Calcium Chloride. Anhydrous; Assay CaCl2 minimum 96.0%; 
Lot 4136; alkalinity as Ca(OH)2 , 0,020%; heavy metals (as Pb), 
0,005%; iron (Fe), 0.001%; magnesium and alkali salts as 
sulfates, 1,000%; sulfate (S04), 0.02%. Manufactured and 
distributed by Mallinckrodt Chemical Works, St. Louis, Mo. 
Used as a component of a ternary system for distillation. 
Calcium Chloride. Purified, anhydrous, 8-mesh, granu-
lated, Lot No. N329. Manufactured and distributed by Baker 
and Adamson, General Chemical Division of Allied Chemical 
and Dye Corporation, New York, N. Y. Used in drying tubes 
and desiccators. 
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Caroxite. Manufactured and distributed by Eimer and 
Amend, 635 Greenwich St., New York 14, N. Y·. Used in carbon 
dioxide absorption tubes. 
Ferric Nitrate. Meets A. c. s. specifications; maximum 
limits of impurities, chloride (Cl), 0.001.%; insoluble 
material, 0.010%; substances not precipitated by NH40H, 0.10%; 
sulfate (S04), 0.010%. Manufactured and distributed by 
Mallinckrodt Chemical Works, St. Louis, Mo. Used as the 
indicator for Volhard method of chlorine analysis. 
Magnesium Chloride. (MgCl2•6H20); maximum impurities; 
insoluble, 0.005%; insoluble in alcohol and alkali salts, 
passes test; acidity (as HCl), 0.002%; nitrate (N03), 0.002%; 
phosphate (P04), 0.0005%; sulfate (504), 0.002%; ammonia (NH3), 
o.OOJ%; arsenic (As), o.003%; barium (Ba), o.oos%; calcium 
(Ca), 0.010%; heavy metals (as Pb), 0.0005%; iron (Fe), 0.0005%; 
zinc (Zn), o.oos%. Manufactured and distributed by Merck 
and Company, Rahway, N. J. Used as a component of a ternary 
system for distillation. 
Nitrobenzene. Eastman Organic Chemicals, Distillation 
Products Industries, Division of Eastman Kodak Company, 
Rochester 3, N. Y. Used in the Volhard method of chlorine 
analysis. 
Phenolphthalein. Conforms to A. c. s. specifications, 
Lot No. 42753, eode 5.7458, pH range: 8.2-colorless; 10-red. 
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Melts: minimum 2.58°0• Maximum impurities, solubility in 
alcohol, passes test; residue on ignition, o.oso%; solubility 
in NaOH, passes test. Manufactured and distributed by Merck 
and Company, Incorporated, Rahway, N. J. Used as the indicator 
in the acid-base titration. 
Potassium Chromate. Assay (K2Cr04), 99.8%; Lot No. 6327; 
insoluble matter, o.ooS%; chloride (Cl), o.oos%; free alkali, 
passes A. c. s-• test; sulfate ( S04), 0. 002%; calcium ( Ca), 
o.oos%; sodium (Na), less than 0.01%. Manufactured and 
distributed by J. T. Baker Chemical Company, Phillipsburg, 
·~- J; Used as the ind.icator in the Mohr method of chlorine 
analysis. 
Potassium Thiocyanate. Lot No • .521299; appearance, 
colorless crystals; insoluble in water, 0.00.5%; insoluble in 
alcohol, 0.002%; neutrality, pass test; chloride (Cl), 0.002%; 
sulfate (S04), o.ooo%; ammonium (N~J), o.ooo%; heavy metals 
(as Pb), o.ooos%; iron (Fe), o.ooo2%; sodium (Na), o.oo%; 
iodine consuming substances, pass test. Distributed by 
Fisher Scientific Company, New York, N. Y. Used as a 
standard solution in the Volhard method for chlorine analysis. 
Silver Nitrate. Lot No. 2160; maximum limits of 
impurities, acidity (to litmus), negative; chloride (Cl), 
· o~000.5%; copper (Cu), 0.0005%; iron (Fe), 0.0003%; lead 
(Pb), 0.001%; solution, clear colorless; total impurities 
(as Chlorides), 0.02%. Manufactured and distributed by 
Mallinckrodt Chemical Works, St. Louis, Mo. Used as a 
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standard solution in the Mohr and Volhard methods o~ chlorine 
analysis. 
Sodium Chloride. Meets A. c. s. speci~ications; maximum 
limits o~ impurities, ammonium hydroxide precipitation, to 
pass test; barium (Ba), 0.001%; calcium and magnesium pre-
cipitates, 0.005%; chlorate (as ClOJ), 0.001%; insoluble 
matter, 0.005%; iodide (I), 0.001%; iron (Fe), o.OOOJ%; 
other heavy metals (as Ag or Pb), o.ooos%; neutrality, to 
pass test; nitrate (NOJ), O.OOJ%; nitrogen compounds (N), 
0.001%; phosphate (P04), 0.0005%; potassium (K), 0.01%; 
sul~ate (504), 0.001%. Manu~actured and distributed by 
Mallinckrodt Chemical Works, St. Louis, Mo. Used to standard-
ize silver nitrate solution. 
Sodium Hydroxide. Pellets, Lot No. NJ4JC; meets A. c. s. 
specifications, assay (NaOH) minimum 97.0%; maximum limits 
of impurities, sodium carbonate (Na2C03), 2.0%; chloride 
(Cl), 0.005%; nitrogen compounds (as N), o -~ool%; phosphate 
(P04), 0.001%; sulfate (S04), o.OOJ%; ammonium hydroxide 
precipitate, 0.020%; heavy metals (as Ag), 0.002%; iron 
(Fe), 0.001%; potassium (K), o.os%; ~ Manufactured and 
distributed by Baker and Adamson, General Chemicals Division 
o~ Allied Chemical and Dye Corporation, New York, N. Y. 
Used in preparing standard solution for acid-base titrations. 
Strontium Chloride. (SrC1 2 ·6H20), analysis of Lot 
No. 3143; nitrate and chlorate (as N03), o.o4%; sul~ate 
(S04), 0.003%; heavy ·metals (as Pb), 0.0005%; iron (Fe), 
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o·.OOOJ%; barium (Ba), 0.01%; magnesium and alkalies (as S04), 
o ·o40%. Manufactured and distributed by J. T. Baker Chemical 
Company, Phillipsburg, N".· J. Used as a component of a 
ternary system for distillation. 
x. ~ 
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was drafted and served nearly two years with the u. s. Army. 
Upon receiv~ an early separation from the Army, he entered 
the Missouri School of Mines and Metallurgy, Rolla, Misso~ri, 
in September 1954. In June 1957 he received his Bachelor of 
Science degree in Chemical Engineering. 
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